The influence of Tourette syndrome and chronic tic disorders on academic performance has not been objectively quantified.
T ourette syndrome (TS) and chronic tic disorders (CTD) are childhood-onset neurodevelopmental conditions characterized by multiple motor and/or vocal tics persisting for more than 1 year. 1 The estimated prevalence of TS and CTD ranges between 0.15% to 1% of the population, with larger prevalence reported in nontreatment-seeking populations and when impairment is not required for diagnosis. [2] [3] [4] [5] Most individuals have comorbid conditions, including neuropsychiatric disorders, which are often more impairing than the tics themselves. 6, 7 Tourette syndrome or CTD, especially when tics are severe and presenting with psychiatric comorbidities, considerably impair a person's general functioning and quality of life. 8 An area that has received relatively little attention is academic performance in individuals with TS/CTD. Children with tic disorders experience a range of school difficulties, some of which are directly associated with the symptoms themselves (eg, the time and energy spent on performing or trying to suppress motor tics may interfere with the learning process). 9 Individuals with TS/CTD also experience psychosocial stressors (eg, teasing or bullying at school), 10 which might further interfere with their education. Furthermore, TS/CTD have been associated with neuropsychological deficits, such as executive, memory, and fine motor dysfunctions, 9,11 which might have a direct outcome on learning and school performance. There is some evidence from cross-sectional studies that children and adolescents with TS/CTD are at increased risk for experiencing academic difficulties and/or dropping out of school prematurely compared with the general population.
12-17
However, previous studies have been beset by various limitations, including the reliance on generally small samples from highly specialist clinics, 12-14 use of cross-sectional designs, 13-15 lack of control groups, 12,13,15 use of self-reports or parent reports rather than objective measures of educational outcomes, [13] [14] [15] [16] [17] and insufficient control of potential confounders. [15] [16] [17] Furthermore, previous studies have been limited to the educational outcomes in childhood and adolescence and thus the influence of TS/CTD on later stages of education (eg, university) is unknown. Since most individuals with TS/CTD experience a gradual decline in tic severity as they enter their adult life, 18 it is plausible that some patients may compensate for their initial difficulties and complete their education, but this has not been explored. This population-based study aimed to investigate the association of TS/CTD with educational attainment across the person's lifespan from compulsory school through university, taking into account a number of measured covariates, such as parental age and parity. In addition, we used a sibling control design to control for unmeasured familial confounders shared by full siblings (such as genetic factors, parental psychopathology, or socioeconomic status). To evaluate to what extent the observed associations are explained by comorbid neuropsychiatric conditions, we performed sensitivity analyses in subgroups in which all individuals with comorbid conditions were excluded. We hypothesized that TS/CTD would be associated with academic underachievement across all educational levels, that this would be particularly apparent in the early stages of education (when symptoms are most severe), and that comorbid neuropsychiatric conditions would further contribute to the observed academic impairments.
Methods
Ethical approval was obtained from the regional ethical review board in Stockholm. The requirement for informed consent was waived because the study was register based and the included individuals deidentified.
Study Population and Design
We linked the following Swedish national population-based registers through the individuals' unique personal identification numbers (recoded for anonymity) The initial study cohort consisted of 2 328 201 individuals (1 195 489 males; 51.3%) who were born in Sweden between January 1, 1976, and December 31, 1998, and who had information available up to December 31, 2013. As described elsewhere, 26 individuals diagnosed with organic brain disorders (ICD-9 code 310 and ICD-10 codes F00-F09) and/or mental retardation (ICD-8 codes 310-315, ICD-9 codes 317-319, and ICD-10 codes F70-F79) were excluded from the cohort
Key Points
Question To what extent do Tourette syndrome and chronic tic disorders reduce the chances that affected persons will fulfill their educational potential?
Findings In this Swedish cohort study that included more than 2 million individuals, including 3590 diagnosed with Tourette syndrome or chronic tic disorders in specialist care, patients were significantly more likely to fail all subjects in compulsory school and less likely to attain each level of education from primary school to university. This was not fully explained by psychiatric comorbidities or familial confounders.
Meaning Help-seeking individuals with Tourette syndrome or chronic tic disorders diagnosed in specialist care can experience substantial academic underachievement across the lifespan.
(n = 23 115). Additionally, individuals with 2 parents born outside Sweden or missing data on the origin of the parents were also excluded (n = 192 426). 27 The final study cohort con- 
Compulsory Education Outcomes
The National School Register contains information on each student's eligibility to access upper secondary education after completion of compulsory education at age 15 or 16 years in Sweden. Because of different admission requirements before 1998 and after 2010, information from the National School Register was retrieved for a subcohort of individuals with data between these years (n = 1 234 042). Eligibility to access upper secondary education (dichotomized as eligible vs not eligible) is based on the school grades in the final year of compulsory school. The admission requirements vary depending on the student's choice for a vocational program or an academic program. Students aiming to enter a vocational program were required to pass the 3 core courses (Swedish, English, and mathematics), and students aiming to enter an academic program (preparatory for higher education, such as a university degree) were required to pass the 3 core courses and at least 9 additional courses. The National School Register also includes information on the individual school courses, which were coded as binary variables (passed vs not passed).
Educational Outcomes After Compulsory Education
Data on binary educational outcomes (achieved vs not achieved) for the full cohort (n = 2 115 554) were retrieved from the LISA database. 21 Finishing upper secondary school, starting a university degree, and finishing a university degree were the selected outcomes.
Statistical Methods
Individuals with a diagnosis of TS/CTD were considered exposed and those without these disorders were considered unexposed. Logistic regression models were fit to compare exposed and unexposed individuals on all binary outcomes (ie, passing specific courses, eligibility to progress to secondary education, and achievement of subsequent educational levels). Results were expressed as odds ratios (ORs) with 95% CIs. First, crude associations with TS/CTD were modeled separately for each outcome. Subsequently, models were adjusted for sex, year of birth, maternal age, paternal age, and parity.
As per the methods of previous studies, 26,29 a fixedeffects model was implemented in the subsample of clusters of all full siblings of individuals with TS/CTD using conditional logistic regression models, where each family was considered a stratum. By design, these models control for shared familial confounders 30 and, in particular, for genetic factors and unmeasured shared confounders, such as socioeconomic status or stable parental factors, that make siblings similar. Furthermore, we adjusted for all measured confounders listed here, which typically vary between siblings. Sensitivity analyses were performed in subgroups in which all individuals with lifetime comorbid conditions were excluded. These conditions were organized in 10 groups according to the most relevant comorbidities in individuals with TS/ CTD: (1) obsessive-compulsive disorder; (2) attention-deficit/ hyperactivity disorder (ADHD); (3) pervasive developmental disorders; (4) conduct disorders; (5) learning disabilities; (6) schizophrenia, schizotypal, and delusional disorders; (7) phobic, anxiety, and stress reaction or adjustment disorders; (8) affective disorders; (9) substance use disorders; and (10) other disorders (including dissociative, somatoform, other neurotic disorders, and eating disorders) (eTable 1 in the Supplement). All disorders were defined as at least 1 registered diagnosis in the NPR. These models also adjusted for sex, year of birth, maternal age, paternal age, and parity.
Additionally, analyses for postcompulsory educational outcomes were repeated on subgroups of individuals to ensure that all included individuals had had the time necessary to complete every level of education (cohorts born between 1976 and 1992 for upper secondary school, between 1976 and 1990 for starting a university degree, and between 1976 and 1988 for finishing a university degree, respectively). Because prior to 2001 only inpatients were included in the NPR (resulting in potential bias), analyses were repeated using a more recent subcohort of individuals born between 1994 and 1998 to ensure full coverage of specialized outpatient care.
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All analyses were conducted using SAS, version 9.4 (SAS Institute Inc). All P values less than .05 were considered significant.
Results

Descriptive Statistics
Descriptive characteristics of the study cohort are presented in Table 1 . Of the 2 115 554 individuals included, 3590 received a diagnosis of TS/CTD, resulting in a Kaplan-Meier estimated cumulative incidence of 0.22% (95% CI, 0.21%-0.23%) by age 37 years ( Figure) . The median (interquartile) age at first diagnosis was 14 (11-18) years. As expected, those with a diagnosis of TS/CTD were more frequently diagnosed with psychiatric disorders compared with those without TS/CTD (76.8% vs 23.2%, respectively). Of the 726 198 families with at least 2 singleton children, 2697 included full siblings discordant for TS/CTD.
Compulsory Education
Individuals with TS/CTD were significantly less likely to be eligible to access a vocational or an academic program in upper secondary school, compared with the general population; 74.9% were eligible for vocational program in the exposed group compared with 91.3% in the unexposed group (OR, 0.31 [95% CI, 0.28-0.34]), and 56.3% were eligible for an academic program in the exposed group compared with 77. Table 2) .
Analyses of the specific subjects revealed that individuals with a diagnosis of TS/CTD were significantly less likely to pass all subjects in the last year of compulsory education (ORs in the fully adjusted models ranging from 0. Table 3 ).
Educational Attainment After Compulsory School
Compared with the rest of the population, individuals with TS/ CTD were significantly less likely to achieve each of the Table 2 ). The results remained fairly similar in the sibling comparison model, although the estimates were less precise (with broader CIs).
Association With Psychiatric Comorbidity
When individuals with different groups of comorbidities were excluded from the analyses, the results were largely unchanged, except for ADHD and pervasive developmental disorders. Exclusion of these individuals resulted in attenuated estimates but did not account for the entire association (Table 4) . Notably, these comorbidities were also the most frequent in the TS/CTD cohort, with more than half of these individuals being also diagnosed with ADHD 
Sensitivity Analyses
A similar pattern of results was obtained in the sensitivity analyses, in which all individuals in the subcohorts had had the time to complete postcompulsory educational levels (eTable 2 in the b All findings in these columns are statistically significant.
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Supplement). Similar outcomes were found when we selected a younger subcohort of individuals born between 1994 and 1998 (eTable 3 in the Supplement).
Discussion
To our knowledge, this is the first study examining the influence of TS/CTD diagnosed in specialist settings on prospective, objectively measured educational outcomes at a nationwide level. Patients were more likely to fail all subjects in compulsory school, less likely to be eligible for and to complete secondary school, and less likely to complete all post-secondary educational levels. Individuals with organic brain disorders, mental retardation, and 2 parents born outside Sweden were not included in the cohort. Exclusion of individuals with ADHD and pervasive developmental disorders attenuated but did not substantially alter the estimates, whereas the exclusion of the other relevant lifetime comorbidities did not alter the magnitude of the results. Thus, TS/CTD are associated with substantial educational impairment in their own right. Our results showed that TS/CTD was associated with substantial educational impairment across all education levels, including beyond primary school. Affected individuals had 65% lower odds of completing secondary education, 59% lower odds of entering a university program, and 61% lower odds of completing a university degree. This is striking, considering that TS/CTD is mostly known as a childhood disorder and that a substantial number of individuals experience a decline of symptoms as they age. Approximately 20% of TS/CTD cases continue to experience clinically impairing tics as adults. 18, 31, 32 These findings suggest that the effect of the disorder on the individual's educational potential is long-lasting and that it may be difficult for these individuals to find alternative routes to reengage with the education system (such as the locally funded adult education system known as komvux in Sweden), even if their symptoms somewhat improve with age. This contrasts with obsessive-compulsive disorder, where educational impairments are most pronounced early during the course of the disorder and somewhat improve later in life.
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The findings from the sibling analyses suggest that the results are likely to primarily reflect impairments directly associated with TS/CTD or factors that are highly correlated with the tic disorders. However, the magnitude of the associations was somewhat attenuated in these sibling models. There are several possible explanations for these findings. One possibility is that there are genetic and/or environmental risk factors that may partially explain both the disorder and the educational performance. For example, because both TS/CTD and educational attainment are known to be genetically influenced, 33,34 it may be that pleiotropic genetic effects are at play. Another possible interpretation is that, while siblings of affected individuals did not have a diagnosis of TS/CTD, they may have had undiagnosed tic disorders or other neuropsychiatric disorders that are known to impair education. 26 This is plausible, given the known shared causal mechanisms between neuropsychiatric disorders in general 35, 36 and TS/CTD, obsessive-compulsive disorder, and ADHD in particular.
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Our results highlight the need to detect and correctly treat TS/CTD at an early stage to increase the chances that affected individuals fulfill their educational potential, particularly when symptoms are severe or comorbid with other neuropsychiatric problems. Person-centered educational plans aimed at reducing school underachievement in children with complex TS/CTD are warranted, such as establishing a private space where the child can release the tics, providing extra time to complete school tasks, or providing separate locations to take exams. Furthermore, education of teachers and peers about TS/CTD is important because the disorder is still stigmatizing 10 and TS/CTD patients are more prone to experience violence and isolation from their peers. 10 The hypothesis that receipt of evidence-based treatment for TS/CTD (ie, behavior therapy, selective α2A receptor agonists, or antipsychotics) is associated with improved educational outcomes makes intuitive sense and should be evaluated in future research. Because of the nature of our cohort, composed of treatment-seeking individuals who required and received specialist care, our results may not necessarily generalize to individuals with mild tics who are not impaired. It is likely that many individuals with mild tics are quite successful in life both academically and otherwise.
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Strengths A major strength of the study is the use of a large nationally representative cohort with data collected from records kept by government agencies or other organizations, which ensured minimal risk of selection, recall, and report biases. The long follow-up period enabled the examination of educational outcomes, spanning from childhood (compulsory school) to adulthood (up to finishing university). Finally, the use of sibling comparison models allowed us to strictly control for unmeasured confounders, such as genetic and environmental factors shared by siblings.
Limitations
Several limitations of the study need to be considered. The register only includes specialist care visits and not patients seen in general practitioner clinics. Similarly, the NPR does not include patients diagnosed by professionals other than physicians working in specialist care. These limitations also apply to the identification of the comorbid psychiatric conditions. Thus, while the patients included in our cohort resemble other patients recruited from specialist tic disorder clinics around the world, it is possible that our results do not generalize to less complex patient samples. Prior to 2001, the NPR only included inpatient admissions, which could have biased the results toward the most severe end of the tic disorder spectrum. However, sensitivity analyses limiting the cohort to younger individuals born between 1994 and 1998 (to ensure full coverage of outpatient care) resulted in similar estimates. Interpretation of the sibling comparison analyses requires consideration of some limitations associated with such designs, such as lower statistical power than population-based estimates. 40 An additional limitation is that the NPR does not include measures of symptom severity, which may have a clear effect on the eventual educational attainment of an individual. Presumably, individuals with mild tics are much less likely to have impaired educational outcomes. Finally, we were not able to investigate other interesting outcomes, such as absenteeism from school, which would have added valuable information on the influence of TS/CTD on education.
Conclusions
Treatment-seeking individuals with TS/CTD seen in specialist settings experience substantial academic underachievement across all educational levels, spanning from compulsory school to university, even after accounting for multiple confounding factors and psychiatric comorbidities. 
